intercropping system compared to others in ratoon cane. In case of total productivity of both plant and ratoon crops, sugarcane at 1.2 m + green pea fb ratoon + cucumber produced higher combined cane yield (187 t ha-1) with 9 q ha-1 of green pea and 44 q ha-1 of cucumber compared to other intercropping systems.
INTRODUCTION
not lift the required water from the bore well as the power supply was only for 3-4 hours every day. Successive droughts and depleting water sources are factors which are prompting some of the traditional sugarcane farmers to abandon growing of sugarcane.
Hence, to increase the productivity of sugarcane in this region, agronomic measures that reduce the cost of cultivation and improve productivity should be adopted. In this region, most of the farmers are growing sugarcane in 1.2 m spacing and some adopt still wider rows. The space required by the plants is critical for providing proper nutrition, water and light. Therefore, it is essential that suitable and effective crop geometry is evolved by suitable planting techniques (Ehsanullah et al., 2011) . In sugarcane growing, the human labour costs constitute more than 50 per cent of the total cost of production. Mechanization of cane cultivation is the need of the hour to reduce labour demand. Growing sugarcane in wide rows (> 1.5 m) provides ample scope for intercropping of short duration crops like onion, green pea, soybean, cucumber and watermelon, which enable the farmers to earn additional income. Keeping these aspects in view, the present investigation was carried out at K. J. Somaiya Institute of Applied Agricultural Research (KIAAR), Sameerwadi, Karnataka.
MATERIAL AND METHODS
The field experiment was conducted in Tables 1 and 2 .
In single rows, the 'V' shaped furrows were formed at a spacing of 1.2 m to a depth of 25 cm. In paired row system, a pair of 'V' shaped furrows were opened at 30 cm space between the rows, with a furrow depth of 25 cm and such pairs were spaced at 2.4 m and 3.6 m apart, giving a paired row spacing of 2. Table   2 . During ratoon, since the intercrops viz. cucumber and watermelon were sown along the drip lines, the nitrogen was applied through fertigation.
Seed material was selected from the sugarcane crop (cv. Co 86032) grown for seed purpose. The crop was harvested and two budded setts were prepared for planting. The setts were planted in normal method at 1.2 m spacing and in paired row system in 2.4 m and 3.6 m spacing. The seed rate for 1.2 m and 2.4 m spacing was 41,667 two eye budded setts per hectare. The seed rate for 3.6 m row spacing is 27,778 two eye budded setts per hectare. The setts were placed at a depth of 5 cm into the wet soil. At 4-5 days of planting of sugarcane, the seeds of intercrops i.e., soybean, green pea and drill sown onion were dibbled in normal method of planting in furrows. In ratoon cane, watermelon and cucumber were planted along the drip lines. The details regarding date of planting, seed rate is furnished in Table Sowing of intercrops i.e., cucumber and watermelon were carried out on 25 th and 26 th of January, 2015. The seeds of these intercrops were dibbled along the drip lines of sugarcane. The details are provided in Table 2 . Since the seeds of intercrops were sown along the drip lines in sugarcane, no separate irrigation was provided to intercrops. The trash of previous cane was spread evenly in between the rows of the ratoon crop at 120 DAP after the harvest of intercrops.
Fertilizer doses, irrigation and other cultural practices were carried out as in the plant crop. Observations on ratoon cane were recorded same as that of plant crop. The plant cane was harvested after 18 months of planting and the ratoon was harvested at 12 months (Table 2) . Fresh tender pods of green pea were harvested two times at 45 and 60 DAS. The green pea crop residue was incorporated into the soil between the sugarcane crop rows. Soybean was harvested at 110 DAS and drill sown onion was harvested at 120 DAS. In ratoon crop tender fruits of cucumber were harvested in seven pickings at an interval of three days. The first harvesting started at 45 DAS. In ratoon crop, watermelon was harvested at 120 DAS.
RESULTS AND DISCUSSIONS Plant Cane (2013-14)
Sugarcane yield was significantly higher at 1.2 m spacing (110 t ha -1 ) compared to 2.4 m (89 t ha -1 ) and 3.6 m (69 t ha -1 ) row spacings (Table 3) . Cane yield is a function of the number of millable canes (NMC), internodal length and number, cane diametre and single cane weight at harvest. In this study, the NMC at harvest was significantly higher in sugarcane at 1. The three intercrops [soybean, green pea and drill sown onion] had different growth patterns and canopies.
Soybean was fast in growth and covered the ground much earlier, thus inhibiting the emergence of sugarcane and further restricting the growth compared to other two intercrops. Due to this, a large number of gaps were noticed. However, the gaps were filled by transplanting 90-day old sugarcane settlings after the harvest of soybean. By the end of the crop growth, these settlings had made their growth as compared to the sugarcane grown with other two intercrops (Green pea and drill sown onion) thus producing similar yields in all the treatments. Another reason due to which sugarcane in soybean could compensate its growth was because of long duration (400days) available for growth (Totally 545 days i.e., 18 months). The earlier setback in growth was compensated at later stages of growth.
With reference to different intercropping systems, there was no significant difference between sugarcane yields, NMC and single cane weight of sole sugarcane and sugarcane grown with different intercrops (soybean, green pea and drill sown onion) (Table 3) . However, intercropping with green pea recorded higher cane yield (96 t ha (Table 5 and 6 ). Higher shoot mortality in widely spaced paired rows may be because of less inter row and intra row spacing of 0.30 m within the paired rows leading to higher competition between shoots for moisture and nutrients. So, the NMC was significantly lower in wide paired rows compared to 1.2 m spacing.
During drought condition in ratoon cane, the quality parameters of sugarcane (pol %, purity % and CCS %) grown at 2.4 m and 3.6 m were significantly reduced compared to sugarcane at 1.2 m spacing. Because, the ratoon cane grown at 2.4 m and 3.6 m suffered from higher moisture stress compared to sugarcane grown at 1.2 m spacing. In paired row spacing, even though the two drip lines were placed, the crop suffered from higher moisture stress compared to cane grown at 1.2 m spacing due to higher competition between individual plants in less space within the paired rows. It is known that the process of sucrose accumulation is intimately related to the growth process of the sugar cane plant. Thus, more rapid the growth of cane less rapid is the sucrose accumulation and vice-versa. Dried crops usually grow faster than normal irrigated ones during the period following the termination of moisture stress and also take comparatively longer time to complete its growth than normal crop. As a result, dried cane stalks especially during early period of maturity phase, had less sucrose accumulation and higher reducing sugars possibly because of predominance of vacuolar acid invertase in growing immature stalks under the influence of favourable growth conditions (Singh and Reddy 1980 In the present study, the ratoon cane yield, NMC and single cane weight were unaffected by intercrops cucumber and watermelon (Table 6 ). These two intercrops belong to the family Cucurbitaceae which spread across the ground horizontally. Unlike in plant cane, the ratoon cane grew faster than intercrops. Hence, the ratoon cane was unaffected by the interspecific competition with cucumber and watermelon. Various growth and yield attributes of sugarcane i.e., cane diameter, number of internodes, internodal length, number of shoots, cane length and DMP did not differ significantly at harvest for the reason that neither cucumber nor watermelon imposed any competition for available resources with sugarcane. Hence, the ratoon cane yield did not differ significantly under different intercropping systems. In addition to this, there was no significant effect on the quality parameters of ratoon cane due to different intercrops.
The yield of intercrops (cucumber and watermelon) did not differ from that of the sole crops thus indicating that competition did not exist between the component crops. Even though watermelon and cucumber belong to the same family Cucurbitaceae, they have different growth habits and their duration varies. Cucumber was harvested at 60 days where as watermelon was harvested at 120 days. The yield levels of these two intercrops are also different. The statistical analysis showed that there is no significant difference in the yield of watermelon both under intercropping and sole cropping.
However, the sole crop produced a maximum of 127 q ha -1 . Among the various spacings, 1.2 m produced a numerically higher yield of watermelon. Similarly, higher yield was obtained in cane at 1.2 m + green pea fb watermelon. In case of cucumber, there was hardly any difference in the yield of intercrop cucumber as well as the sole crop. Since the crop being a short duration of 60 days did not face any sort of competition from sugarcane (Table 7) .
While considering the total productivity of the sugarcane intercropping systems in both plant and ratoon cane, it can be concluded that sugarcane at 1.2 m + green pea fb ratoon + cucumber produced higher combined cane yield along with 9 qha -1 of green pea and 44 qha -1 of cucumber compared to other intercropping systems ( Table 8 ).The reason may be due to a higher yield of sugarcane with intercrops green pea in plant and cucumber in ratoon crop compared to other intercropping systems.
CONCLUSIONS
Considering the total productivity of the sugarcane-intercrop cropping systems of plant and ratoon crops, it was concluded that 'sugarcane at 1.2 m + green pea followed by ratoon + cucumber' produced higher combined cane yield (187 t ha -1 ) along with 9 q ha -1 of green pea and 44 q ha -1 of cucumber compared to other intercropping systems. The present investigation revealed that in the plant crop of short/mid late duration (Eksali) variety, 1:2 row proportion (sugarcane: soybean) was optimum for sugarcane growers in Northern Karnataka. 
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